Introduction
Evidence suggests that oligoanalgesia, the undertreatment of acute pain, is a recurring issue in the management of patients in the prehospital setting.
1,2 A recent study evaluating helicopter transfers of 1200 trauma patients found that analgesia was inadequate in 43% of those transported. 2 Similar trends are likely to occur in austere environments where medical personnel and supplies are often limited.
Practitioners often report a reluctance to provide adequate pain management because of a wide range of different factors. These include inappropriate estimation of pain by the provider, a lack of medication or the means to administer the necessary analgesics, lack of pharmacologic knowledge, a fear of addiction, concern of masking potential clinical deterioration, and lifethreatening side effects such as respiratory depression, hemodynamic instability, and aspiration. 3, 4 Acute untreated pain is not the only consequence of inadequate analgesia. Failure to adequately manage pain may also cause a significant stress response as well as an increase in the risk of developing posttraumatic stress disorder. 5 Patients may also become increasingly sensitive to painful stimuli the longer pain remains uncontrolled, making their pain more difficult to control. 6 Pain management is exceedingly important in the austere environment as practitioners are often faced with the difficulty of providing prolonged care or dealing with technical extrications. Efficient analgesia reduces both physical and psychological stress and helps to facilitate the comfortable evacuation of these patients to definitive care. 7 The following are qualities of an ideal pain medication for wilderness use, and should be kept in mind when used in these environments 8 
:
Compact and lightweight Durable Nonsedating Wide spectrum of use Biochemically and environmentally stable Multiple routes of administration Minimal side effects
The purpose of these guidelines is to provide a literature-based review and simple algorithm for the treatment of acute pain in austere environments. Although an ideal medication does not exist, these guidelines seek to follow such a set of requirements as closely as possible when making recommendations. These guidelines do not encompass all analgesic medications, and the committee recognizes the usefulness of other medications not fully described in this paper.
Given potential adverse complications of oligoanalgesia, together with the plethora of options now available, we believe that every effort should be made to obtain optimal pain control.
Methods

A panel was convened during the 2013 Annual Winter
Meeting of the Wilderness Medical Society in Park City, UT. Invitations were based on the individual's extensive clinical or research experience, and included representatives from emergency medicine, anesthesiology, surgery, military medicine, and the field of prehospital emergency medical services (EMS). Relevant articles were identified through the PUBMED database using a key word search of the following terms: wilderness pain control, prehospital pain, prehospital narcotics, prehospital opioids, prehospital regional anesthesia, fentanyl vs morphine, acetaminophen trauma, ibuprofen trauma, ketamine efficacy, anxiolysis pain, and empathy pain. Searches were initially limited to randomized controlled trials and then expanded to include a broader spectrum of research. This literature review was further supplemented by a hand search of selected articles. The majority of information has been extrapolated from EMS and hospital literature, and very limited evidence is derived directly from the wilderness setting. For the purpose of this paper, the terms remote, austere, tactical, disaster, and wilderness are used interchangeably to describe the varied settings defined by extended patient care times and delayed or difficult access to definitive care. All articles were reviewed and the level of evidence assessed. The panel used a consensus approach to develop recommendations regarding each modality and graded the recommendations according to the criteria developed by the American College of Chest Physicians (ACCP) (see online Supplementary ACCP Table) . 9 
Overview of Pain Control
Indications for pain control in austere environments are typically directed at musculoskeletal injuries including strains, sprains, dislocations, and fractures. Other circumstances that may require similar management include acute medical ailments and environmental injury such as cold injury, bites, stings, and burns. Mechanisms requiring detailed assessment before pain control include traumatic brain injury, spinal cord injury, or airwaycompromised patients. These guidelines do not address specific logistical evacuation issues, but they do aim to make evacuations, when required, more comfortable for patients through improved analgesia. Although narcotics are frequently used for analgesia, the committee recognizes that several other options are available and may be used first and in combination with other medications.
Pain scales are extensively used throughout the medical community. Although visual aids may not be available in the backcountry, a numeric rating scale (NRS; Table 1) 10 can still be used. These help to provide an initial assessment and aid caregivers wishing to quantify any response to treatment.
The Figure outlines the recommended approach to escalating analgesic care for the typical backcountry patient. The authors created this pyramid for wilderness use, based on widely adopted pain algorithms that have previously been shown to be effective. 11 By beginning care at the base of the pyramid, providers can focus their attention first on using the safest and most accessible interventions before any escalation of care. As care is escalated up the pyramid, more-invasive modalities are incorporated into the patient's treatment. Potent drugs with potentially harmful side effects will thus be reserved for those in extreme pain, and only after safer, less-invasive therapies have been considered.
It is important that providers practice within their scope of practice or licensure. Scope of practice is a terminology used by national, state, and provincial licensing boards for various professions that seeks to define the procedures and actions that are permitted for the licensed individual. Providers should not administer treatments if they are not qualified by licensure, or through ability. In the United States, protocols exist that allow some nonphysician prehospital providers to practice above what urban licensure allows. This is termed an "expanded scope of practice." This can allow nonphysician providers, for example, to administer prescription medications when indicated.
Recommendation: Wilderness providers should receive appropriate education and practice in various pain management techniques, commensurate with their scope of practice, in order to provide optimal pain control for patients in wilderness environments. Recommendation grade: 1C.
COMFORT CARE
Healthcare teams often overlook the utility of comforting those patients with pain and anxiety. Simple techniques, such as regularly using the patient's name and reviewing the plan for pain management with the patient, can be very comforting, thereby decreasing their anxiety and often improving their perception of pain. This is particularly important if pain medications are not available. Sambo et al 12 studied visual analog scales and empathy and noted anxious individuals experienced "less pain in the presence of an 'empathetic' other." They also found lower heart rate responses to pain when individuals were not alone. 12 Designating an individual as the primary caregiver, especially for prolonged extrications, can be helpful in maximizing patient comfort and minimizing miscommunication. Because there are virtually no negative side effects to providing comfort care, this is a valuable technique that should always be included in patient management.
Recommendation: Attention to empathy should be used as first-line treatment of pain in all wilderness patient care. Recommendation grade: 1B.
PRICE TREATMENT PROTOCOL
Treatment for acute injuries has traditionally involved some variation of the RICE acronym (rest, ice, compression, and elevation). The physiological basis underpinning this approach is to reduce the formation of edema that results from injury. Extensive edema can be both painful and detrimental to the process of tissue healing. 13 Currently, PRICE (including protection of the injury) is considered the optimal treatment regimen for muscular injury and fracture, 13 whereas the MEAT (movement, exercise, analgesics, and treatments) protocol has been proposed for managing ligament and tendon injury because some inflammation actually promotes healing in these circumstances.
14 In a remote setting, it is difficult to differentiate between these injury patterns, and for this reason PRICE is still the recommended therapy for all acute soft tissue injuries. If an isolated ligament or tendon injury is highly suspected, MEAT therapy can be considered.
The following treatment strategies are recommended for optimal outcomes when enlisting the PRICE protocol:
1. Protection from further injury and providing stability in the form of taping, bracing, or splinting. 2. Rest can reduce further inflammation and pain. This said, patients can still be encouraged to self-ambulate during evacuation whenever appropriate. 3. Ice, when available, can decrease skin temperature to 151C, at which point nerve conduction is inhibited and pain decreases. 13 It also reduces edema formation. This should be performed at 10-minute intervals, or whenever practical, for the first 24 to 48 hours after injury. 14 If this is logistically feasible during an evacuation, Algafly et al 15 recommend 10 minutes on followed by 10 minutes off, and repeat, taking care to avoid frostbite or hypothermia, especially if the injured area becomes numb. When ice or snow is not available, cold water may be substituted for this therapy. 4. Compression, with an elastic bandage, aims to reduce the swelling secondary to the acute inflammatory process. The bandage should be close fitting without compromising the circulation and should still allow adequate muscle expansion and sufficient blood flow. Bandages should be checked periodically to avoid overcompression. 5. Elevation of the injured area above the level of the heart will increase venous return to the systemic circulation and thus reduce potential swelling and aid the removal of waste products.
Recommendation: The PRICE therapy should be used for acute injury and pain concurrently with empathy as first-line treatment of pain in all wilderness patient care. Recommendation grade: 1B.
NONOPIOID ANALGESIA Nonopioid medications have fewer side effects than opioids and often prove very effective in the management of acute pain. Therefore, when medications are required for pain control in remote environments, these should be considered first. In multiple prospective, randomized controlled trials, the combination of a nonsteroidal antiinflammatory (NSAID) medication with acetaminophen has been demonstrated to provide superior pain control to either drug alone or in combination with an oral narcotic. The side effects have been shown to be reduced, and patient satisfaction was reported as being higher. These benefits have been seen across different injury patterns and in postoperative patients. [16] [17] [18] A systematic review of 21 studies over 10 years found that combining acetaminophen and an NSAID was superior to either drug prescribed alone. 19 Military applications of both NSAIDs and acetaminophen have also been successful. 20, 21 In fact, some US military units give all soldiers a "combat pill pack" to be taken immediately after a penetrating extremity wound of any type. These packs contain acetaminophen, an NSAID, and an antibiotic. 8 Acute pain can be treated, in part or completely, with appropriately dosed nonnarcotics before opioids are introduced. For severe pain, the initial dose should be simultaneous, after which the medications can be administered in a simultaneous fashion or at staggered intervals.
Ketorolac is another commonly used NSAID that is often given IV or intramuscularly (IM). As an analgesic, its opioid-sparing effects have been demonstrated in numerous studies. 22, 23 It is particularly useful when oral NSAIDs cannot be administered, although studies show no difference in reduction of pain scores when IM ketorolac is compared with oral ibuprofen. 24 NSAIDs do have adverse effects. They can cause renal injury, especially in dehydrated patients, and inhibit platelet function, which can increase bleeding. An association between gastrointestinal injury and long-term use of NSAIDs is also well known. Little data exist about assessing acute bleeding risk after trauma, but to extrapolate from surgical literature, multiple studies have shown that no increase in postoperative bleeding occurs with short-term use of NSAIDs. 25, 26 Although prolonged use can cause peptic ulcer disease, short-term use for up to 10 days of over-the-counter NSAIDs with standard dosing has been shown to be extremely safe and well tolerated. [27] [28] [29] An ibuprofen dose of 1200 mg/d or less or naproxen at 660 mg/d or less has no greater risk than placebo. 27 Giving NSAIDs with food can alleviate gastrointestinal symptoms, and if significant abdominal pain develops, the medication should be stopped.
The most important side effect related to acetaminophen use is the possibility of liver failure related to overdose. Prescription-dose acetaminophen up to 4 g/d in an adult is still appropriate for short-term use. It is considered safe in intoxicated patients, but care should be taken in chronic alcoholics and patients with hepatic dysfunction. 30, 31 As the basis of medical therapy for acute injury, these medications should be regularly dosed throughout the acute injury period.
Recommendation: Combining acetaminophen with an NSAID should be used as the first-line medication treatment of acute pain in the wilderness, unless there is a specific patient allergy or other contraindication. Recommendation grade: 1A.
OPIOID ANALGESIA If additional medication is required, as indicated by a patient's NRS score, a move to the next level of the pyramid is recommended. When there is concern about the patient's level of consciousness, regular monitoring is required and caution should be applied when providing any analgesic agent that could have a sedative effect. Providing opioid analgesia can be challenging in the backcountry setting and may be associated with a wide range of side effects, including dysphoria, euphoria, pruritus, nausea and vomiting, sedation, loss of airway reflexes, and constipation. Nonetheless, opioids have a clear role in the treatment of moderate-to-severe pain. Universal standards for the type, dose, and mode of administration of opioid in the prehospital environment remain unclear.
Compared with parenteral preparations, oral formulations of opioids have the benefit of being easier to carry, store, and administer. Therefore, these should be the most common opioid preparation carried on wilderness expeditions. Frequently, individuals, other than the providers, will carry their own opioids. Combination drugs such as those containing hydrocodone and acetaminophen (Vicodin) or oxycodone and acetaminophen (Percocet) can also be used provided that the daily maximum recommended dose of acetaminophen is not exceeded.
Medical providers in the United States and certain other countries are typically restricted to prescribing and administering medications only to the specific recipient; third-party prescribing and administering is not legally allowed in most states. A common method to comply with these laws while still carrying pain medications is for each participant to bring a supply of medications prescribed by their personal doctor.
Recommendation: Providers with appropriate licensing should carry at least 1 form of an oral opioid into the wilderness for the treatment of acute moderate and severe pain. Recommendation grade: 2B.
Transmucosal narcotics
Oral transmucosal fentanyl citrate (OTFC) is an effective means of delivering noninvasive rapid-onset pain control. Several military studies, including one with 286 patients, have concluded that OTFC provides safe and effective analgesia in the prehospital combat setting. 10, 32 Literature on burn patients also supports its use. 33 This application of fentanyl has not yet become widespread in the backcountry, but has promising potential as it harbors many of the ideal qualities discussed previously-good efficacy, rapid onset, noninvasive administration, and relative ease of packing.
Recommendation: Transmucosal opioids should be used as a safe option for acute moderate-to-severe pain in remote environments. Recommendation grade: 1B.
Intranasal narcotics
Intranasal (IN) administration of narcotics provides an easy to administer, noninvasive, low-cost, rapid-onset route for providing analgesia to the injured patient. Multiple prospective, randomized, controlled trials have shown intranasal fentanyl (INF) to be equivalent in terms of efficacy compared with IV morphine. Advantages are rapid onset of pain relief without the need for IV access. 34, 35 Bioavailability is estimated at 71% for INF, necessitating a conversion to 1.4 Â IV doses. 35 Sufentanil requires a lower volume because of its higher concentration and has been shown to be safe and effective in reducing pain in a ski clinic. 36 There are several key concepts to consider when administering IN medications: 1) the drug concentration must be maximized in the smallest volume; 2) the dose must be sufficient to overcome bioavailability limitations of the nasal mucosa; and 3) both nostrils should be used to maximize absorptive surface. 37 Based on these concepts, the most concentrated narcotic will be the easiest to use. In the United States, sufentanil would be ideal. In some countries fentanyl has been concentrated to 300 μg/mL, making adequate nasal dosing easily achievable with minimal volume.
Recommendation: Intranasal opioids should be considered as highly effective safe options for acute moderate-to-severe pain control in the wilderness. Recommendation grade: 1B.
Intramuscular narcotics
Intramuscular injection of pain medication has been an important route of administration in many prehospital and hospital environments. Although the onset and efficacy may be inferior to alternative routes, 38 most narcotics can be given IM and it remains an option for patients without vascular access or when other routes of administration are inappropriate or unavailable. Of note, variations in muscle blood flow during hypoperfusion from cold temperatures or shock may make absorption rates less predictable. 39 Newer administration techniques, such as IN and transmucosal routes, are replacing the reliance on IM injection for delivery of pain medications.
Recommendation: Intramuscular injections of narcotics can be efficacious for acute moderate-to-severe pain in the wilderness; however, supporting evidence is lacking. Recommendation grade: 2B.
Intravenous narcotics
Intravenous medications provide fast and effective analgesia. However, this may be more difficult in austere environments as IV access requires considerable experience and suitable equipment. Intraosseous access (IO) is a viable alternative, and should be considered when IV access cannot be readily obtained. 40 Intravenous analgesia has several advantages. It provides rapid pain relief and reliable drug delivery and is a familiar mode of administration for healthcare professionals. In terms of drug choice, fentanyl and morphine have been compared prospectively and proven equivalent in terms of analgesia and side effects. 41 Fentanyl has been recommended as the drug of choice for prehospital IV pain control. 42 It has a rapid onset (within 5 minutes) and a hemodynamically stable profile that is advantageous in trauma patients. Although the extra equipment and invasive nature of an IV medication makes it unreasonable for many austere settings, once IV or IO access is established these medications are still considered the gold standard for pain control. The availability of IV medications may be more reasonable in base camp scenarios where prolonged stays and delayed evacuations are more likely to occur.
Recommendation: Either IV or IO opioids, when available, should be used for acute moderate-to-severe pain in the wilderness environment when repeated doses of medications are required and need to be titrated continually. Recommendation grade: 1A.
Transdermal narcotics
Transdermal opioids can be effective in treating subacute pain for extended patient care scenarios. Fentanyl is the most common narcotic available for this route. This noninvasive method may provide consistent medication administration, making it ideal when longer-term or subacute pain control is warranted, such as for a long evacuation after stabilization. Its small size and low cost also make it an attractive wilderness analgesic. Disadvantages include its slower onset, erratic absorption, and complications, especially respiratory depression.
Recommendation: The committee has no recommendations regarding transdermal opioids. Although they can be useful in certain stable evacuation situations, there are other excellent alternatives available.
Reversal agents
Respiratory failure caused by opioid administration should always be a concern, and the ability to treat these side effects should always be available. However, with careful titration of opioid medications, this problem should be avoided.
Recommendation: All providers who administer opioid analgesics should be proficient in managing the patient's airway and respiratory status. Naloxone may be carried as an adjunct. Recommendation grade: 1C.
KETAMINE
Ketamine is a dissociative anesthetic agent and analgesic that has a number of applications in the wilderness setting. It can be used alone at higher dissociative doses for moderate to deep sedation during painful procedures. In smaller doses it can be used alone to treat pain, or in combination with opioids to enhance pain control. Ketamine is well tolerated, and has been shown to be safe when administered by nonphysician practitioners. 43 However, caution should be used to stay within a practitioner's scope of practice and experience. In appropriately titrated doses, patients can maintain their own airway because pharyngeal reflexes and spontaneous ventilation are preserved. Patients are usually amnestic after the event, which is beneficial if a prolonged evacuation ensues. Important side effects are related to increasing sympathetic discharge, resulting in increased heart rate and blood pressure, as well as increased salivation. Therefore, in higher doses adequate airway management skills are required. Ketamine is also a suitable choice when cardiovascular compromise is present.
There is growing evidence that ketamine may be safely used with nonperiorbital injuries. Halstead et al 44 demonstrated no rise in intraocular pressure with ketamine for procedural sedation in 80 pediatric patients with nonperiorbital injuries. However, further clinical studies are required, and caution is advised with ocular trauma or glaucoma.
Ketamine is particularly useful in procedures that may cause extreme pain but are of short duration, including fracture reduction, manipulation in a confined space, wound repair, and amputations. It has been used successfully for procedures at high altitudes (4243 m). 45 Additionally, ketamine can be given through many routes: IM, IV, or less commonly IN, oral, sublingual, and rectal.
Recommendation: Ketamine should be used as an advanced-tier method for controlling acute moderate-tosevere pain in the wilderness setting. Recommendation grade: 1B.
LOCAL AND REGIONAL ANESTHESIA
Local anesthesia can provide a safe and effective means of analgesia for the injured patient in the wilderness. Nerve blocks can be used for analgesia for fractures, soft tissue trauma (including lacerations and crush injuries), and procedures including removal of foreign bodies and suturing. With appropriate training, regional anesthesia may be a feasible option for well-trained and practiced providers. Prehospital femoral nerve blocks for femur fracture have been shown to be a safe and effective method of acute pain control when performed by experienced physicians, typically anesthesiologists. 46, 47 Attention needs to be paid to avoid intravascular injection by aspiration before injection and to stay within recommended dosing to avoid life-threatening toxicity. Regional blocks that can be provided in the wilderness with appropriate expertise include digital block, hematoma block, intercostal block, and distal nerve block. 48 If a practitioner is prepared to suture wounds, local anesthetic should be strongly considered. Full discussion of the techniques of regional blocks is beyond the scope of this article.
Recommendation: Local anesthetics are a safe and effective option for controlling acute pain in the remote or wilderness setting. Recommendation grade: 1B.
A summary of these medications is provided in Table 2 .
ADJUNCT MEDICATIONS
Anxiety can play an important role in elevating a patient's pain. It affects not only the patient but also providers. Although benzodiazepines are commonly used as an adjunct to anesthesia and analgesia in the hospital environment, there has been no significant research that evaluates the use of anxiolytics in the prehospital setting. Some physicians promote the use of benzodiazepines for their muscle-relaxant properties, but the choice to carry these must be left to the individual provider. Given the lack of research, the potential for side effects, and the practical considerations of weight and space, the committee makes no formal recommendations for adjunctive anxiolytics at this time.
Conclusions
This article provides a summary of available evidence for treatment of pain in remote settings. Most evidence is taken from the EMS, hospital, and military literature. Although minimal literature exists that is directly related to wilderness pain control, many similarities exist with other specialties, and some conclusions can be drawn. A baseline algorithm and additional options for advanced practitioners have been described in these guidelines. The goal is to better prepare providers who venture into the backcountry, and ensure that better treatment is available for those suffering from pain. 
